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1. Overview

This report describes work completed by the MIT Artificial Intelligence Laboratory in
support of DARPA’s High Performance Knowledge Bases program over the period from
February 1998 to February 2001. The primary focus of the HPKB program is the design
of tools for building large knowledge bases capable of supporting sophisticated question-
answering and inference.

The project described in this report targets the construction of software tools that assist
humans in accessing multi-media information from sources like the Internet, databases
and knowledge bases. Such capabilities are critical to the notion of human-centered
problem solving, in which computers collaboratively assist in the performance of
interpretation, analysis and reasoning tasks by interacting largely on human terms and by
responding to guidance when offered. In this project, special emphasis has been placed
on enabling computers to interact on human terms, and thus a core software capability
targeted by the project is that of efficiently accessing information on the basis of queries
expressed in free natural language.

Supporting this effort is a key technology component grounded in sentence-level natural
language processing. Whereas research in natural language processing has encountered
significant difficulties in handling larger units of discourse, much progress has been
made in mapping natural language phrases and sentences into sets of underlying semantic
relationships that can be usefully manipulated by computers. Thus, this project takes the
position of treating sentence-level natural language as itself a suitable representation for
information content. This position is embodied in the notion of natural language
annotation, whereby natural language phrases and sentences are used to organize and
describe the content of arbitrary multi-media information segments, facilitating
subsequent retrieval of those segments in appropriate circumstances when their
annotations match human-submitted queries.

Sentence-level natural language processing, and specifically the technique of natural
language annotation, are embodied in START, a software system capable of retrieving
text, diagrams, images, information from databases, World Wide Web pages, and other
types of information in response to natural language queries. Previous applications of
START have included a system that answers questions of a geographical nature
concerning several thousand cities and countries of the world, a system that answers
questions about ongoing research at the MIT Artificial Intelligence Laboratory, and a
system that answers questions about the U.S. mission in Bosnia-Herzegovina. START
has been available for use through the World Wide Web since 1993 and has to date
serviced over a million queries from users around the world.

During the HPKB program, START was applied in larger contexts, and new modules and
functional capabilities were added to the system. A START knowledge base was
constructed that contained information on military and economic capabilities and
interests of various countries and organizations of the world, including oil production
information, membership in international organizations, military assets and capabilities,



weapons strike capabilities, and various political, military and economic interests of
countries, regional organizations and terrorist groups. Separately, two new modules were
added to the START system. The first is a preprocessor, called Blitz, that quickly
identifies names, places, numbers, times, dates, and other special classes of tokens. The
second is a database tool called Omnibase that supplies START with data from internal
database tables, data extracted from local text or HTML documents, data extracted from
resources available through the Internet, and, more generally, data found by executing
arbitrary segments of code. Finally, three functional capabilities added to the system
include a notion of "virtual collaboration," in which START leverages native interfaces
to available electronic resources; a notion of "nested annotations," in which annotations
are placed within annotated material, enabling START to "look inside" multi-media
information chunks to pull out contextually-presented information and compare this
information across entities; and a mechanism whereby the START system is run as
multiple, replicated processes that distribute the load of incoming queries among
themselves. In the third year of the effort, an additional START knowledge base was
constructed that contained information about banking and chemical concerns and
individuals associated with those concerns. This domain serves as an analog to the
domain of terrorist organizations and individuals associated with those organizations.

This report is divided into nine main sections, beginning with Section 2, which describes
the START system. Following this, Section 3 describes the first year’s START
knowledge base construction effort. Section 4 describes the Blitz preprocessor that was
incorporated into START during the first year’s effort. Section 5 describes the Omnibase
database tool that was incorporated into START during the first year’s effort. Section 6
describes the second year’s START knowledge base construction effort. Sections 7, 8
and 9 describe the notion of “virtual collaboration,” the notion of “nested annotations,”
and the distribution of queries between replicated copies of the START system as
implemented during the second year of the effort. Finally, section 10 describes the
knowledge base construction effort conducted during the third year of the effort.

2. Background

START’s information access capabilities result from a layering of capabilities. The
simplest capability is that of indexing and retrieving English assertions. With this
capability, the START system analyzes English text and produces a knowledge base
which incorporates, in the form of embedded ternary expressions, the information found
in the text. One can think of the resulting entry in the knowledge base as a “digested
summary” of the syntactic structure of an English sentence. A user can retrieve the
information stored in the knowledge base by querying it in English. The system will then
produce an English response.

A representation mimicking the hierarchical organization of natural language syntax has
one undesirable consequence: sentences differing in their surface syntax but close in
meaning are not considered similar by the system. START solves the problem by
deploying S-rules (in forward and backward modes) which make explicit the relationship
between alternate realizations of the arguments of verbs.



The START system attempts to bridge the gap between current sentence-level text
analysis capabilities and the full complexity of unrestricted natural language by
employing natural language annotations.  Annotations are computer-analyzable
collections of natural language sentences and phrases that describe the contents of
various information segments. START analyzes these annotations in the same fashion as
any other sentences, but in addition to creating the required representational structures,
the system also produces special pointers from these representational structures to the
information segments summarized by the annotations. When START receives a question
that matches an annotation, then, it can return as its answer the information segment
associated with that annotation. This central capability of START is illustrated in Figure
1.

Suppose, for example, that a user wants to retrieve this text fragment related to the
discovery of Neptune:

Neptune was discovered using mathematics. Before 1845, Uranus was widely
believed to be the most distant planet. However, astronomers observed that
Uranus was not always in the position predicted for it. The astronomers
concluded that the gravitational attraction of a more distant planet was disturbing
the orbit of Uranus. In 1845, John Adams, an English astronomer, calculated the
location of this more distant planet. Urbain Leverrier, a French mathematician,
independently did similar calculations. In 1846, John G. Galle and Heinrich
d'Arrest of the Urania Observatory in Berlin, looked for the planet where
Leverrier and Adams predicted it would be located. They saw the planet, which
was later named Neptune, on September 23, 1846.

Let us assume that the sentence below serves as one of the annotations to this text
fragment:

John Adams discovered Neptune using mathematics.

This means that START analyzed this sentence and incorporated it into the knowledge
base along with a pointer to the text fragment. Now suppose the user asks one of the
following questions:

Who discovered Neptune?

Did Adams discover Neptune?

How was Neptune discovered?

Was Neptune discovered using mathematics?
Tell me about Neptune's discovery.

START begins the process of answering any such question by creating a ternary
expression to be matched against the knowledge base. It is important to emphasize that
the full power of sentence-level natural language processing is brought to bear on the
matching process. START's matcher works both on the word level (using, if appropriate,



additional lexical information about synonyms, hyponyms, IS-A trees, etc.) and on the
structure level (utilizing necessary S-rules, information on verb-class membership,
nominalization, etc.), although in the case of very simple questions such as those
appearing above, most of this machinery is not utilized.

Since the representational structure returned by the matcher contains a special pointer to
the annotated text fragment, START's usual sentence-level question-answering strategy is
modified. Instead of passing the representational structure to the language generation,
START simply follows the pointer and presents the text or multi-media fragment to the
user.

Document Annotation
X X6

+ “Iran started stockpiling
mustard gas after 1985.”

Information (negotiation)
Provider

Question
“What weapons of mass destruction
is Iran believed to possess?”

. (submitted)
Information »

Seeker -
|

(retrieved)

Document
Xxx xx
=N
%

XX
XX
XXX

Figure 1. Operation of the START system.
3. The Year 1 START Knowledge Base

An important component of the HPKB program’s first year evaluation effort was the
Crisis Management Challenge Problem, in which participating knowledge-based systems
were presented with the task of answering simplified-English questions concerning a
fictitious scenario in which escalating hostilities between Iran and Saudi Arabia lead to
Iran attempting to block all commercial shipping to and from the Persian Gulf. In
support of this Challenge Problem evaluation task, a START knowledge base was
constructed concerning the following five topic areas:

e 1997 CIA World Factbook information for 250 countries

e oil production information for Middle Eastern countries

e geographical coordinates, maps, distances and weather reports for several thousand
cities and countries of the world

e membership and goals of several dozen international organizations

e military assets and capabilities of Persian Gulf countries



To enable this knowledge base to support natural language question answering, START’s
lexicon and set of S-rules were extended, and natural language annotations were attached
to individual knowledge segments in the knowledge base. During the HPKB Crisis
Management Challenge Problem evaluation itself, START answered 105 test questions
posed to it. Following is a list of example questions answered by the START HPKB
Server during the challenge problem testing period.

e  Who are the members of Organization of Petroleum Exporting Countries?

e Can Iran attack oil ports bordering on the Persian Gulf with ballistic missiles?

e Which Unified Command of United States has responsibility for the Persian Gulf
region?

e How many surface ships does the navy of the United States have in the Persian Gulf
region?

e What amount of oil can be transported via pipeline from the Red Sea to the
Mediterranean Sea?

e (Can Kuwait attack targets in Iran with ballistic missiles?

e What cruise missiles does Iran have under development?

e How many missile craft does the navy of Saudi Arabia have?

e Which has the greater ratio between gross domestic product and population, Saudi
Arabia or Iran?

e What are the agreed mutual member actions of the Organization of Arab Petroleum
Exporting Countries?

e Does Saudi Arabia have a navy that can perform naval countermine warfare?

e Can Oman militarily threaten targets in the northern Persian Gulf region with ballistic
missiles?

e What major oil refineries are in Libya?

e Of all countries in the Organization of Petroleum Exporting Countries, who has the
greatest quota for production of 0il?

e Is Iran a member of the Biological and Toxin Weapons Convention?

e What kinds of weapons of mass destruction is Libya believed to possess?

e Does Saudi Arabia have a deterrent against Iran's weapons of mass destruction?

e What is the Organization for the Prohibition of Chemical Weapons?

e How is the government of Iran different from the government of Saudi Arabia?

e  Which peacekeeping forces of the United Nations have responsibility for Iraq?

Figures 2, 3 and 4 illustrate three question-answer instances from the START Year 1
knowledge base construction effort.
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Netscape: Start's reply

Location : [http:/ fuvww.ai.mit.eduprojects /infolab faskstart 2server=hpkbauery =\hat +ballistictmissiles +is+ Iran |

InfolLab Group

Start's reply

==== YWhat ballistic misziles iz Iran believed 10 hiewve?

Iranian Missile Capabilities

List of missile abbreviations

Alternative Range (Em)

Country ! System Hame  Missile Type  Supplier Maximum Payload (kg) Bratus
MUSHAE 120 IRAN 130 ESREM Domestic 1z0 150 In Service
MUSHAK 160 SREM Domeatic 150 190 Terimingtd?
CS5-8 M-7 SREM China 160 190 In Service
MUSHAE 200 SREM Daormngstic 200 s00 Terminated?
SCUD B SREM M. Eorea/Dom 320 ) In Service
ZELZAL 2 SREM Domestic 400 (est) nk In Service
SCUD C SREM M. Korea 550 500 In Service
SHIHAEB 3 MREM DomRussia 1,300+ 750 Dewvelopment
ZELZAL 3 MREM Domestic 1,500 1,000 Development
SHIHAB 4 MEEM  Dom/Russia 2,000 1,000  Development
AS-11 EILTER Kh-58 ANLACH Russia 50 130 In Service
AS-9 EYLE Kh-zg ABCHM Russia a0 =00 In Service
YJ-2 1 C-802 ABCH China, 95 165 In Service
HY-2 SILKWORM ABCH Ching. 95 513 In Service
§8-H-22 SUNBURN M0 ABCH Ukraine 1o son In Service
RGM-84A HARFOOH ASCI U 120 zz0 In Service
HY-41! C-201 ABCHM China 150 so0 In Service
SILEWORM (mod) ABCHM Dom'M . Korea 430 500 Development

Please click on the following links for more information:
Eriefing of Iran's Ballistic Mizzile Capabili
Map Insteating Threat of Tran's B

Source:
Center for Defense and Internations] Security $tdies: Master Missile Table

o) IERE

Figure 2. Sample START interaction.
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» What political goals is Libyn trying to achicve?
Libya
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National Security and Defense

Protect territorial integrity.

Defend ngninst military action by the US, Western states, and Tarnel.

Enhance military capabilities.

Econamie Prosperity

End international sanctions.

Baolster economic growth.

Pursue economic diversification to reduce dependency on the oil sector,

Reglonal Global Status and Influence

Play leading role in African politics.

Undermine the Middle East peace process (i.e., the process of forging a peace settlement involving Leracl, the
leadership of the Palestinian people in Izracl, and Israel’s neighboring Arab stages).

Settle territorial disputes

Develop WMD capabilities

Persunde other countries o defy sanctions 1o conduct commercial relntions with Libya,

Ideological. Soclocaltural. and Religious

Sponsor revolutionary Pan-Arabism (with the goal of establishing n united Arsh federation) to ine Western
influence and imterests and wage holy war agninst Ismel by supporting revelutionary movements and terrarist
orgnaizations

A R

o e
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Figure 3. Sample START interaction.
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InfolLab Group

Start's reply

===2 What terrorist activites has Al-Jihad claimed responsibility for?
Al-Jilad

Specializes in armed attacks against high-level Egvptian Government officials. The ordginal Jihad was
responsible for the assassination in 1951 of President Anwrar Sadat. Wnlike the al-Gama'at
al-Islamisya, which mainly targets mid-and lower-level security perzonnel, Coptic Christans, and
Western towurists, al-Jihad appears to concentrate primsrily on high-level, high-profile Eg yptan
Crovernonent officials, including cabinet ministers. Claimed responsibility for the attempted
agzazsinations of Interor Minister Hassan AL-AMI in Angust 1993 and Prime Minister Atef Sedky in
Hoveimber 1993,

Source: Dudles Fonox Libeary, Maval Postgraduate Schoaol

o Goback 10 the START dialog wrindow.

T3 | [=2? [&

Figure 4. Sample START interaction.
4. The Blitz Preprocessor

A separate part of the START Year 1 HPKB effort was the integration of the Blitz
syntactic preprocessor with the START system. Blitz acts as an independent, specialized
token recognizer for common English fragments such as names, places, numbers, times
and dates. Blitz tags these items with their assumed classification as a means of assisting
START in its normal syntactic analysis. Blitz relies in part on the Omnibase system,
described in the next section, to maintain tables of enumerated tokens like names and
places. For tokens such as numbers, times and dates, Blitz uses internal heuristics to
identify these items.

Following are several examples of output for the Blitz preprocessor regarding times,
dates, addresses and quantities:

7:12 pm

(time “7:12 pm” :span (0 6) :hour 7 :minute 12 :time pm)

Friday, February 13, 1998

(date “Friday, February 13, 1998” :span (0 24) :day Friday :month
February :date 13 :year 1998)

77 Massachusetts Avenue

(address “77 Massachusetts Avenue” :span (0 22) :number 77 :location
“Massachusetts Avenue”)

$23.5 billion

(quantity “$23.5 billion” :span (0 12) :value 2.35e+10 :unit $)

two feet

(quantity “two feet” :span (0 8) :value 2 :unit feet)



5. The Omnibase Database Tool

Also during the Year 1 START HPKB effort, the Omnibase data server was integrated
with the START system. Omnibase provides a uniform interface for processing queries
of the form "Give me attribute X of object Y in class Z." The answers returned by
Omnibase may be retrieved from internal database tables, extracted from local text or
HTML documents, extracted from resources available through the Internet, or, in general,
found by executing arbitrary segments of code. Omnibase uses two main procedures for
storing data. First, it can add entities to its internal database. Entities are identified by
their class and symbol name. Second, it can add scripts to its internal database for
retrieving attributes of entities. Scripts are associated with classes.

Omnibase has two main procedures for retrieving data. First, given a query string, it can
detect entities within the string, allowing mismatches in case and punctuation, and
recognizing synonyms. Second, given an entity designator and an attribute name, it can
retrieve the entity's value for that attribute by running the class script associated with the
attribute.

Classes are specific to data sources, and therefore attribute scripts are customized to
particular data sources. If one data source is a search URL, attribute scripts for classes in
that data source will construct appropriate URLSs, post them to the Web, and return the
result, possibly parsing the result to return only part of it. If another data source is one or
more Web pages with data for all entries expressed in similarly formatted HTML,
attribute scripts for classes in that data source will retrieve the Web page and parse the
HTML to find the correct segment of the Web page. The core of Omnibase is
deliberately minimal in size. It is implemented in Guile and stores local data in an SQL
database. Guile has all the advantages of Lisp and C combined, along with regular
expression capabilities. Attribute scripts are extraordinarily easy to write, such that
novice programmers can learn to write simple scripts in minutes.

Figure 5 illustrates the operation of the Omnibase system in combination with START.

6. The Year 2 START Knowledge Base

During Year 2 of the HPKB program, the Crisis Management Challenge Problem was
expanded to include a larger set of information concerning interests of countries and
other political entities, and, in particular, comparative information. In response, the
START HPKB knowledge base was expanded to answer a broad range of new questions,
as indicated by the following question grammar fragments:

Interests of international agents:
e “What are the <InternationalCategory> interests of <International Agent>?"’
Comparing interests of international agents:



HPKB
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* Extended lexicon

Figure 5. Omnibase as integrated with START.

e “How are the <InternationalCategoryl> interests of <InternationalAgentl>
{similar to, different from, related to} the <InternationalCategory2> interests of
<International Agent2>?"

where
<International Agent> = countries..., terrorist groups..., criminal organizations...,
regional organizations..., export control regimes..., nonproliferation regimes...,
agent types...
<InternationalCategory> = {economic, trade, science, technology, military,
diplomatic, political, cultural, social, religious, ideological, national security,
defense, commercial}

Definitions of terms:
e “What is <Individual>?”
General comparisons:
e “How is <Individual1> {similar to, different from, related to} <Individual2>?”
where
<Individual> = international agents..., people..., places..., weapons...

In addition, START could answer a range of natural language variants of the questions
indicated by these grammar fragments. During the HPKB Challenge Problem effort,
START answered a total of 39 test questions submitted to the technology teams. The
following are examples of some of these test questions:

e What is the Caspian Pipeline Consortium?
e Who is Richard Morningstar?
e How is Hamas like Hizballah?



e In the real world, what are the major components of economic interest of the
UAE?

e How is Russia related to the UN?

e What potential motivations typically underlie a criminal organization's decision to
smuggle military hardware and systems?

e In what major ways are Saudi Arabia's interests in the price of oil on the
international market related to those of Iran?

e What are ways to deliver chemical weapons?

e What is the Azerbaijan International Operating Company?

e What is the Taliban?

e How is OPEC different from OAPEC?

e How is the GCC like OAPEC?

e What are subdivisions of the Gulf Cooperation Council?

e What relationship exists between P1J and Israel?

e In the real world, what are the major components of economic interests for Iran?

e How is the Six plus Two group related to the United Nations?

e How is Russia related to the Caspian Pipeline Consortium?

e How is Azerbaijan related to the Caspian Pipeline Consortium?

e What are the defense interests of a typical criminal organization?

e What are the economic interests of a typical criminal organization?

e How are the typical interests of a terrorist group different from those of a criminal
organization?

e How are the typical interests of a terrorist group like those of a criminal
organization?

e In what ways are interests in deterrence against transnational terrorism for a
country similar to interests in deterrence against proliferation of weapons of mass
destruction for a country?

e In what major ways are Saudi Arabia's interests in relations with the United States
different from those of Iran?

e In what major ways are Iran's interests in relations with the United States like
those of Libya?

e What are ways to deliver biological weapons?

Figures 6, 7 and 8 illustrate three question-answer instances from the START Year 2
Crisis Management Challenge Problem evaluation exercise.
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===> How are the typical interests of a terrorist group like those of a criminal
organization?
A typical terrorist group and a typical transnational criminal organization both have
the goal to mfluence government.
a typical terrorist group
® Undermining or influencing government policy.
a typical transnational criminal organization
© Gain or enhance influence within the government. Influence within
the government, achieved through the corruption of officials, can help
shield the group from law enforcement and help it expand its
operations.
A typical terrorist group and a typical transnational criminal organization both have
the goal to maintain security.
a typical terrorist group
® Surviving as an organization.
a typical transnational criminal organization
© Maintain security. This includes:
O Frustrating law enforcement efforts to interdict the group.
O Deterring other groups from competing against or attacking the
group.

O Preventing insurrections and splinter groups from forming within

the organization. =
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Figure 6. Sample START interaction.
[0 =————— Netscape: Start's reply BE
===> What are ways to deliver biological weapons?
Biological Weapons
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Figure 7. Sample START interaction.
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@ Foster economic growth.

® Complete economic reconstruction plans that date to the end of the
1980-1988 Iran-Iraq War.

® Influence oil production levels and prices in OPEC with the goal of
preventing production increases that would lead to lower oil prices.

Source: HPKB Agent-Specific Background Information Factsheets

® Go back to the START dialog window.
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Figure 8. Sample START interaction.
7. Virtual Collaboration

A sizeable portion of the START research effort concerns the development of efficient
procedures by which humans and computers may collaboratively place new information
in service for language-based access. An especially important technique is that of virtual
collaboration, in which we take advantage of highly-structured electronic information
resources by implementing small program fragments that translate natural language
queries to resource-specific interface queries. In this manner, START can leverage the
work of others in a “virtual” manner, using the fruits of labor of a large group of people
without explicitly collaborating with them.

Use of the virtual collaboration technique is highly efficient: in many cases, hundreds or
thousands of new questions are made answerable through a minimal amount of additional
human effort. This integrates with START’s existing technological base in a logical
manner, as follows. For highly-structured information sets such as databases, tables, and
form-based Web resources, virtual collaboration is employed where possible. For less-
highly structured information resources such as conventional multi-media documents,
individual natural language annotations are attached directly to components of
information that we wish to make accessible. Finally, for largely-unstructured
information sets such as lists of unrelated facts, individual natural language assertions are
stored in START’s knowledge base for subsequent retrieval.

The Omnibase system plays an important role in START’s use of the virtual
collaboration technique.  First, Omnibase provides uniform access to external
information sources, be they text documents, web pages, databases, or other types of



resources. Specially-constructed access scripts translate Omnibase queries into resource-
specific queries or answer-determination procedures. Second, Omnibase makes tokens in
external databases available to START as if they were part of START’s native
vocabulary.

Figure 9 illustrates a simple START query that makes use of the virtual collaboration
technique to access information on the Internet Movie Database Web site.

[0 ==—————Netscape:Start'sreply—"——-——HH

InfoLab Group

Start's reply

===> Who diected Gone With The Wind?
Gone with the Wind (1939] was duected by George Culor, Victor Fleming, and Sam Wood.

Source: The Intermet Movie Database

#® Go back to the START dialog window,

=== Bl % a2 Ea Z] 2

Figure 9. Use of the virtual collaboration technique.

8. Nested Annotations

The Year 2 Crisis Management Challenge Problem included a number of question types
that required a comparison of different quantities. As part of START’s solution to this
problem, a new technique called “nested annotations” was developed. This technique
builds on START’s standard information access approach of attaching content-describing
phrases and sentences (annotations) to multi-media information chunks. Nested
annotation involves a hierarchical insertion of annotations within annotated material.
START can then use the contained annotations to "look inside" retrieved annotated
material in order to compare multi-media information chunks to one another.

Figure 10 illustrates the use of the nested annotation technique. When START is
presented with the query “How are Iran’s political interests similar to those of Libya?”, it
first retrieves information segments that have annotations indicating that they are
descriptions of Iran’s political interests and Libya’s political interests. Next, START
looks within the retrieved information segments to a second set of annotations that
summarize particular interests of those countries. By matching the specific-interest-
specifying annotations to one another, START can determine which interests are held in
common between the two countries. The annotated material itself can then be inserted



into the returned answers as elaborations of the similar and dissimilar interests
determined by START. Figure 11 illustrates the answer returned by START when posed

with the above question.

Iran Libya

Political interests Political interests

Undermining the Middle East

peace process... Engagmg in commercial

relations...
™ . ]
Resolving territorial disputes... Resolving territorial disputes...
e
|
.. |Stopping the Middle East
4l peace process...
Building up its military... L ]
]| Enhancing its military
. | capabilities...

Economic interests —
Economic interests

Completing reconstruction... - - - -
Pursuing diversification...

Figure 10. Nested annotations.

O==——"——————— Netscape:Startsreply="———————[0H

===> How are Iran's political interests similar to those of Libya?
Iran and Libya both have the goal to enhance military capabilities.

Iran
0 Develop WMD and ballistic mussile technology.

Libya
0 Develop WMD capabilities.
Iran and Libya both have the goal to resolve territorial disputes.

Iran
© Resolve territorial disputes (e.g., the dispute with the UAE over the
Tunbs and Abu Musa islands )
Libya
O Settle territorial disputes.

Iran and Libya both have the goal not to support the Middle East peace process.

Iran
© Undermine the Middle East peace process (1.e., the process of forging a
peace settlement mvolvm: g Israel, the lcadcrslnp of thc Palestinian

|§‘=¢D=l—| e Ve D EE) ~F

SEID

Figure 11. A START query that involves the use of nested annotations.



9. Distributed START Processing

An additional capability realized within the START system during Year 2 of the START
HPKB effort concerns the replication of START processes for handling incoming
queries. By this technique, a number of START and Omnibase servers collectively
distribute the load of queries submitted to START over the World Wide Web. As a
result, if particular queries take longer to process---for example, queries that generate
requests to some external resources available on the World Wide Web---then only those
queries are held up, while other users’ queries are processed independently.

10. The Year 3 START Knowledge Base

In Year 3 of the START HPKB effort, a distinct knowledge base was constructed in
support of research activity proceeding under an initial “Jumpstart” effort for DARPA’s
Evidence Extraction and Link Discovery (EELD) program. This program concerns the
identification of important facts and patterns from large collections of text and structured
information sources, as is particularly relevant to the detection and tracking of terrorist
activities. During the Jumpstart effort, a base of information related to banking and
chemical concerns was used as a stand-in for actual information on terrorist organizations
and their activities. START was made to provide access to a substantial portion of this
base of information plus information about the EELD effort itself, resulting in START’s
ability to answer a range of relevant questions such as the following:

e Tell me about ABC Bancorp.

e Who is the president of ABC Bancorp?

e Who is the CFO of Alliance Bancorp?

e Who are the subsidiary officers of ANB Corp?

e Who was the president of Hinsdale on May 5th 19947

e Does Bristol sit on the board of directors at ABC Bancorp?
e What is the address of Banknorth Group Inc.?

e How can I contact Bancorp Connecticut Inc by phone?

e Where does Fredric G. Novy work?

e What is Michael Weeks' position at BancorpSouth Inc?

e  Who are the directors of Kenneth Hunnicutt's company?

e What is the stock ticker of Kenneth Hunnicutt's company?
e After Cragin was acquired by ABN-AMRO North America, where did Novy go?
e Does Novy own any stocks?

¢ How many shares of Alliance does Fredric Novy own?

¢ How much money does Albert Eckert earn at First Bell Bancorp?
¢ How much money does Bristol make?

e How many directors does Alliance Bancorp have?

e What is the ticker for ANB Corp?

e How many employees does ANB Corp have?

e What is Alliance's Primary SIC code?

e What is the current status of Alliance Bancorp?



e What happened to Lionel Tokioka?

e Who got nominated for director at Alliance?

¢ How many presidents has Liberty Bancorp had in the last 5 years?
e  Who owns more than 10% of the stocks of Liberty Bancorp?
e Who are the insiders at Alliance Bancorp?

e Give me a list of Liberty Bank's subsidiaries.

e Why did Hinsdale merge?

e What is Hinsdale's new name after merging with Liberty Bancorp?
e What do you know about banks?

e Do you have any information about the WTC bombing?

e How many banking scenarios are there?

e What do you know about Alliance Bancorp?

e What data is available for information extraction researchers?
e What handouts were distributed at January's meeting?

e Who is working on SHIELD?

e What is Gunning's email?

e How can I get in touch with Chris White?

e How do I contact Tom?

e What groups is Rosie Jones a member of?

e What university is Daphne Koller at?

e Show me the SHIELD slides.

As part of the Year 3 START knowledge base construction effort, START was supplied
with natural language annotations, lexicon entries and syntactic/semantic transformation
rules, enabling it to answer each targeted question type in a number of variant forms.
The resultant START question-answering system was then installed on the World Wide
Web, making it accessible to interested users.
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